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.2013.02.0Abstract Alexandria and Rashid being part of the Mediterranean Sea basin cities are concerned
with the protection of the marine environment of their territorial waters and coasts. One of the
major sources of pollution in the surface water and sediments is the radionuclides.
The present study is devoted to reliable detection, identiﬁcation and classiﬁcation of the radio-
nuclides using the gamma ray spectrometer to measure the density of the radionuclides (i.e. 238U,
232Th, 40K) along the Alexandria and Rashid beaches and try to know the sources of these radio-
nuclides.
Surface sediments and sea water samples were collected from Alexandria and Rashid coastal bea-
ches. The results demonstrate that the main source of radiation along the Alexandria and Rashid
beaches is the black sands, which is rich in radio-nuclides, supplied by the River Nile during the
ﬂooding period in the last 5000 years through the Rashid branch of the Nile. These black sands
accumulate mostly on the Rashid beach. The sea waves carry part of these black sands to Alexan-
dria beaches westward.
The distribution of 40K along the Alexandria coast revealed that, the western area of Al-Max
coast was poor in 40K. On the other hand, the eastern area of Alexandria was rich in 40K, there
was a wide relationship between the presence of 40K in sediments and the biological density of fauna
and ﬂora in the coast. The behavior of 40K in sediments along the Alexandria coast has been
detected as non-uniform correlations between the data at different stations reveal signiﬁcant differ-
ences between their radiometric properties. The lower 40K values for seawater have been detected at
stations receiving low saline water discharged from inland sources. The salinity affects the behavior
of 40K in surface seawater. This was due to the solubility of 40K in seawater.
The measured values for 238U and 232Th for seawater are very low.nal Institute of Oceanography
g by Elsevier
ng by Elsevier B.V. on behalf of National Institute of Oceanography and Fisheries.
01
22 A.A. El-SahartyThe continuous monitoring of the radio-nuclides is recommended to assure good environment of
these beaches because they are bathing beaches of Alexandria, and an important resource as sum-
mer resort.
ª 2013 Production and hosting by Elsevier B.V. on behalf of National Institute of Oceanography and
Fisheries.Introduction
Everything on earth, air, water, plants and animals contain
radioactive elements, both from natural and anthropogenic
sources (Kathren, 1984).
Natural and artiﬁcial radionuclides have attained great
attention of many researchers in the last three decades espe-
cially after Chernobyl radiation accident in 1984. With increas-
ing public awareness, scientists and policy makers are
interested in assessing the health of ecosystems. Many authors
investigated the Ocean waters (Baskaran and Santschi, 1993)
and marine sediments (Fuller et al., 1999; Love et al., 2003;
Swarzensk et al., 2006; Hong et al., 2008).
Due to the occurrence of atmospheric deposition of radionuc-
lides in themarine environment, anumberofmonitoringprograms
for radionuclides have been established in many countries around
the world (in the Irish sea, and in the French Mediterranean
(Charmasson et al., 1999)). Some of this biomonitoring is ongoing
near decommissioned nuclear power plants and reprocessing
plants as in the Sella ﬁeld in the United Kingdom.
Marine pollution is the introduction of pollutants directly or
indirectly into the marine environment resulting in deteriorated
effects to human health, hindrance tomarine activities including
ﬁshing, impairment of quality for use of sea water and reduction
of amenities (Forstner and Wittman, 1983).
Earlier gammaspectrometric surveyswereused fordirect detec-
tion of 238U and 232Th ore-bodies. The development of gamma ray
spectrometers expanded their uses including base-metal mineral
exploration, geological and environmental studies.
The area of Alexandria coast is affected by the existence of
high back-ground radiation from theRashid coast at the eastern
side which has high levels of radioisotope concentrations due to
black sand deposits which are dominant in this area.
The present radioactive measurements highlight the in-
crease of radiation in some coastal localities. Variations seen
in the gamma ray spectrometric data along the Alexandria
and Rashid coasts are used as a base to study the sediments
and water along these coasts.Study area
Alexandria city lies on the Mediterranean coast of Egypt, and
stretches for more than 85 km along the shore from Abu Qir
Bay east to El-Hamam west. The Alexandria coast is oriented
more or less along a SW–NE axis and is characterized by the
presence of the Pharos peninsula which separates the Western
and Eastern harbors (Fig. 1). The eventful history of ancient
Alexandria has left a variety of archeological remains, some
standing on the land surface, some buried under the sea sur-
face and others buried under the seabed. Since the coastal re-
gion where Alexandria is situated has subsided since ancient
times, many features of the old city have been lost to the sea
and more precisely in the Eastern harbor area.The investigated area expanded along the coast of Alexan-
dria, from Al-Max west to Abu-Qir east, about 30 km long,
beside Rashid coast east (Fig. 1). The samples are collected
at nine stations marked by (\) in (Fig. 1).
Radioactivity in sediment
The sources of radiation in water are also the sources in the
case of sediment. The most dominant radionuclides are 40K
and also decay products of 238the U and 232Th series.
Most of radionuclides have a low solubility in water and
tend to be adsorbed on the particulate matter, therefore they
accumulate in sediments. Fine sediments, with their large sur-
face area, tend to adsorb more than coarse sediments. Thus,
while sea water has a radioactivity of about 12.6 Bq kg1, mar-
ine sand has a radioactivity of 200–400 Bq kg1, and mud 700–
1000 Bq kg1, in parts of the world (Clark, 1989).
Geology of the coastal and bottom sediments in the area
The coastal line is rocky in most places such as Al-Max with
narrow sand beaches in embayments and relatively wider bea-
ches in the eastern and western parts of the city such as Gleem,
and Asafra beaches. The part of the beach which lies between
El-Anfoushy and Abu Qir shows a variation in the degree of
consolidation of the beach sand (Hilmy, 1991). Beach sands
vary from loose to fairly well indurated deposits of quartz
shells and shell fragments of recent gastropods and lamelli-
branches. In the western part of the beach (i.e. Al-Max), the
beach is composed of loose carbonate sand, white in color
and oolitic in texture. The loose carbonate oolitic sand gradu-
ally changes to a fairly consolidated oolitic limestone forming
ridges skirting the coast (Anwar et al., 1981).
The bottom sediments of the inshore area are predomi-
nantly covered by sand, which vary from ﬁne in the west to
coarse shelly in the east. This sandy zone merges seawards into
a silty-sand belt. In the north west area, the silty-sand gradu-
ally changes into sand-silt-clay, sand-silt is followed outward
by a clayey-silt in the northern area.
Minerals of light fraction are represented by calcium car-
bonate which is introduced in the form of shells or shell frag-
ments. The sediments at the Al Max area were poor in the
amount of heavy minerals than those at Abu Qir. This is char-
acterized by high frequencies of pyroxenes, amphiboles and
epidots and low percentage of tourmaline and zircon (1.1%
and 2.4% respectively).
The main source of heavy minerals is mostly the Nile sedi-
ments which decrease westward. Mineralogically, the shelf off
Alexandria is subdivided into three main provinces:
(1) Aragonite/calcite in the western part.
(2) Calcite/aragonite/quartz in the middle part.
(3) Quartz/calcite/aragonite in the eastern part.
Figure 1 Location map with Nile branches and samples locations (1 = Al-Max, 2 = El-Anfoushy, 3 =Manshia, 4 = Chatby,
5 = Sporting, 6 = Gleem, 7 = Asafra, 8 = Abu Qir, 9 = Rashid).
Radioactive survey of coastal water and sediments across Alexandria and Rashid coasts 23Historically, the location of the Nile Delta coastline has
been determined by relative dominance of two factors. TheTable 1 Speciﬁc activity of radionuclides in sediment samples (Bq
Isotope El-Max Al-Anfoushy Manshia Chatby
238U 16.9 ± 1.3 20.2 ± 49 3.01 ± 4.8 28.4 ± 3
232Th 6.79 ± 1.1 8.7 ± 2 29.6 ± 5 1 5.13 ± 2.3
40K 25.5 ± 2.1 98.4 ± 5.5 43.7 ± 5.4 89.9 ± 8
Th/K ratio 0.2663 0.0884 0.677 0.057ﬁrst factor is the sediment deposition during the annual ﬂood-
ing of the River Nile (which has strongly decreased afterL1).
Sporting Gleem Asafra Abu-Qir Rashid
24.6 ± 3 30.7 ± 3 35.4 ± 4.2 38.6 ± 5 199.28 ± 25.3
20.1 ± 4 24.8 ± 4 24.4 ± 5.6 28.74 ± 5 147.8 ± 34
39.2 ± 1 50.7 ± 2 47.8 ± 3.4 60.9 ± 4 49.5 ± 8.6
0.5128 0.489 0.510 0.4719 2.986
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24 A.A. El-SahartyAswan High Dam in 1964). The second factor is the action of
the coastal winds, waves and currents which erode severely the
coast materials.
The decomposition products of the mountain ranges of
Sudan and Abyssinia have been carried out through the course
of the River Nile in the last 5000 years, and subjected to natural
separation and sorting during transportation. This process
led to the concentration of insoluble minerals, which undergo
a second concentration process by speciﬁc gravity in the
churning interplay of River and Sea currents. These erosion
products have been deposited seasonally year after year, by
the ﬂood waters over the older mixture of mud and sand.
The delta of River Nile has been evolving since late Mio-
cene age, and grows rapidly in the direction of the sea. The
drainage pattern of the Delta was continually changing as ear-
lier distributaries sited up and new ones were formed (Said,
1981). Since 5000 years ago, seven primary tributaries dis-
charged ﬂood water into the Mediterranean.
Recently, the modern course of the River Nile is restricted
to only two active branches. The Rashid Branch lays North
West and Damietta branch lies North East to the Mediterra-
nean Sea.
Rashid coast is characterized by the presence of a thin blan-
ket of black sand parallel to the shoreline in which the concen-
tration of heavy minerals is very high. This black sand blanket
may be shifted toward the sea or land by high tides that cover
it with layers of light colored sand. The width of this blanket is
variable ranging from half a meter to more than 40 meters.
The most favorable location of the black sand is on the north-
west beach with maximum deposition at a distance of about
8.5 km to the east of the Rashid Estuary.Materials and methods
Data on radioactivity in Alexandria are limited except for few
studies as on radioactive air pollution over Alexandria after
Chernobyl accident such as Ammar et al. (1987), Ap Simon
et al. (1988), El-Khatib and Abou El-Khier (1988), El-Raey
et al. (1992), Ibrahim et al. (1993) and El-Saharty and Hanafy
(2009).
Sediment samples were collected in PVC containers from
the bottom and beach sediments at nine locations across
the coastal area of Alexandria at Al-Max, El-Anfoushy,
EL-Manshia, Chatby, Sporting, Gleem, Asafra and Abu-Qir
beaches, and also from Rashid Beach (Fig. 1). The collected
samples were stored in a Marinelli polyethylene container of
100 cc. Each sample was carefully sealed for 4 weeks to reach
a secular equilibrium between 220Rn and 232Th and their
respective progeny (Mollah et al., 1987).
A coaxial HPGe detector (ORTEC 572A) of sensitive vol-
ume of 76.11 cm3 was used to measure the gamma radiation.
The energy resolution of HPGe detector is 1.9 keV at 1332
c-60Co transition. The quantitative and qualitative analyses
were achieved by using a Moestro H-EGPG card interfaced
with IBM PC-compatible to work as a Multi-channel analyzer
(MCA). All gamma measurements were taken after energy cal-
ibration of the MCA with 241Am, 60Co, 133Ba and 226Ra Stan-
dard sources. All gamma spectra are accumulated for 24 h and
were analyzed after background subtraction.
Each surface water sample was collected in a 5 L plastic
bottle. The samples were acidiﬁed immediately. After collec-
Figure 2 The radioactivity of Alexandria and Rashid marine sediments.
Radioactive survey of coastal water and sediments across Alexandria and Rashid coasts 25tion evaporation of sea water to concentrate Radium and
potassium has been carried out (Davis and Watson, 1990).
Results and discussion
Sediment data
The dose rate level of terrestrial gamma rays emitted by radio-
nuclides i.e. uranium (238U), thorium (232Th) and potassium
(40K), in soil at a given site might seem to reﬂect a low or high
radioactivity of the bedrock at the site.Sediments are a matrix of material, which consists of detri-
tus, inorganic and biological characteristics (Pimpl et al.,
1992). Marine sediments can be sensitive indicators for moni-
toring contaminants in aquatic environments because they
accumulate persistent pollutants at concentration orders of
magnitude above those in the water.
Table 1 shows the concentration values for the distribution
of 238U, 232Th, and 40K (Bq kg1) in sediments and Table 2 for
water samples along the Alexandria and Rashid coasts during
the monitoring period (during the autumn season ‘‘September
and November’’, 2011).
Table 3 Comparison between 40K concentrations (BqÆkg1) of sediments from Alexandria Sea coast and some other countries.
Serial Site 40K Reference
1 Alexandria coasts 57.01 ± 3.9 (25.7–98.4) Present study 2011
2 Croatian coast of Adriatic Sea 219 ± 119 (56–580) Barisic et al. (1990)
3 Karnaphuli River estuary-Bay of Bengal 118.28 ± 19.70–608.21 ± 75.7 Alam et al. (1997)
4 Kucukcekrmece Lake – Turkey 166 ± 11–255 ± 98 Topcu’glu et al. (1998)
5 Gulf of Mexico 360 Rodrigues-Espinosa et al. (1998)
6 Atlantic Ocean (Amatique By) Guatemala 431.2 ± 10.8 Sabino et al. (1998)
7 Alexandria, Egypt 40 (10–86.1) Higgy (2000)
26 A.A. El-SahartyThe illustrated data shows (Fig. 2) that the general trend of
natural radionuclides in the sediments decreases to the west.
The recorded levels indicate that the western stations receive
freshly ﬁne and particulate sediments much more than those
in the eastern side.
The degradation of high concentration of 238U in the bot-
tom sediments could be attributed to the presence of black
sand deposits. It is clear from Fig. 2 that there is a general
decreasing trend of 238U from Abu-Qir to Al-Max. This is be-
cause the sea wave direction in this region is mostly to the west,
which helps in the deposition of the eroded black sand from
the Rashid coast which is about 30 km East Abu-Qir.
Signiﬁcant variations of 238U contents in sediments Table 1
can be noticed along Alexandria beaches from about
38.6 Bq kg1 in Abu-Qir East to about 16.9 Bq kg1in
Al-Max West, with some irregular values at El-Manshia, and
Chatby coasts. Also, the existence of some clay intrusions
could raise the level of radiation at some localities (i.e.
El-Manshia). It is known that the clay soil has the ability to
attract the radio isotopes on its surface (Ibrahim et al., 1993).
El-Manshia coast is located inside the Eastern Harbor. The
Eastern harbor is a semi-closed basin, with a surface area of
205 · 103 m2 and an average depth of 6 m. It is the recipient
of a large amount of domestic wastewater from 11 outfalls, dis-
charging annually about 35.2 · 106 m3 (about 20% of waste-
water budget of Alexandria city (El-Sharkawi, 1978). The
relatively high level of 238U and 232Th at El-Manshia beach
(Fig. 2) could be due to clay intrusions and the erosion of
the cemented blocks placed at the El-Manshia shore to protect
the Cornish road from lower erosion and could be also due to
the discharged wastewater.Figure 3 The curve ﬁtting for radioactThe relatively high level of 238U and 232Th at the Chatby
coast could be due to the nourishment by desert sands to over-
come coastal erosion processes.
Also, it is to be noticed that one of the major sources of the
high radioactivity at El-Manshia and Chatby could be due to
the buried parts of old Alexandria city (parts of the old Alex-
andria city have been discovered under water in the Eastern
Harbor and Chatby region).
Because of the 232Th half-life (24.3 days), the presence of
excess 232Th at depth in sediments must have resulted from ra-
pid deposition or from post-depositional mixing of the sedi-
ment. The 232Th measured values in sediment along the
Alexandria coast more or less have the same trend as 238U Ta-
ble 1 with values of about 28.74 Bq kg1 at Abu-Qir (East) to
about 7.0 Bq kg1 at Al-Max (West).
Many authors discussed the distribution of 40K in seawater
such as Clark (1989) and Papucci et al. (1996). Potassium data
values in sediment (Table 1) show some irregularities. It is
known that potassium is more mobile than uranium or thorium.
High concentrations of 40K were observed at Al-Anfoushy
and Chatby stations with respect to other stations. Chatby
station is subjected to nourishment by desert sands to over-
come the erosion process. These desert sands are obviously
more rich in 40K than the original sediments. As from the geo-
chemical point of view, Al-Anfoushy is associated with rocks
that are characterized by a high-40K calc-alkaline afﬁnity
(El-Anfoushy is a semi closed coast), and enriched in Ree (rare
earth element). On the other hand, at Gleem and Asafra sta-
tions, the beaches are characterized by natural deposition. At
Sporting station the beach is in stable state (Dewidar, 1992).
Areas of high values of 40K are marked by low Th/K ratio,ivity of Alexandria costal sediments.
Figure 4 The radioactivity of Alexandria and Rashid coastal water.
Radioactive survey of coastal water and sediments across Alexandria and Rashid coasts 27and areas of low Th/K ratio are excellent indicators of 40K
alterations (Shives et al., 1995). So, elevated 40K concentra-
tions of beach sand at some shores may be attributed to the
environmental conditions. Potassium data concentrations of
sediments for the Alexandria coast and some other countries
are shown in Table 3.
The general potassium mean of all measured concentration
values, in sediments, during the monitoring period was
57.01 Bq kg1. In order to be more illustrative, the study area
will be divided into two regions; Alexandria sector West (fromAl-Max to Abu Qir-Bay), and Eastern sector (Rashid). Aver-
age concentration values of 40K at Alexandria, and Rashid sec-
tors were found to be 57.01, and 49.5 Bq kg1, respectively.
The distribution of 40K along the Alexandria coast revealed
that, the western area of the Al-Max coast was poor in 40K.
The range of variation of 40K within this area was from
25.5 Bq kg1 detected at Al-Max to 98.4 Bq kg1 at Al-Anfou-
shy. The low value at Al-Max may be attributed to the pres-
ence of carbonate sediments and limitation of biotic
communities. This ﬁnding is conﬁrmed with (UNSCEAR,
Table 4 Average values for salinity and 40K of surface
seawater at different stations along the Alexandria coast and
Rashid.
Station name Salinity (%) 40K
Al-Max 25.11 ± 4.21 13.8 ± 1.9
El-Anfoushy 32.5 ± 0.74 17.4 ± 1.8
Manshia 33.65 ± 0.79 17.56 ± 1.7
Chatby 28.45 ± 0.35 15.3 ± 1.2
Sporting 30.9 ± 0.64 16.5 ± 1.3
Gleem 30,4 ± 0.74 16.1 ± 1.7
Asafra 30,1 ± 0.74 15.35 ± 1.2
Abu Qir (open) 22.3 ± 8.19 14.0 ± 1.9
Rashid 16.44 ± 14.77 13.8 ± 1.1
28 A.A. El-Saharty2000) report that mentioned carbonate sediments are poor
with 40K.
On the other hand, the eastern area of Alexandria is rich in
40K. The range within this area varies from 39.2 Bq kg1 de-
tected at Sporting to 89.9 Bq kg1 detected at Chatby. The
intermediate 40K values have been detected in the area ex-
tended from Eastern harbor in Alexandria to Rashid.
The investigation of spatial and temporal variations of 40K
concentrations in sediments revealed that, Al-Max, Sporting,
Manshia, Gleem and Asafra in Alexandria have been consid-
ered as poor areas of 40K through the monitoring period. This
may be due to the lowering of water and insigniﬁcant biolog-
ical inﬂuence.
The linear ﬁt for the sediment data (Fig. 3) shows that the
ﬁtting for 238U and 232Th is more or less a normal distribution
with good regression factor and standard deviation values
(RU = 0.582, SD = 6.585 and RTh = 0.403, SD = 8.655).
The linear ﬁt for 40K shows that the data are scattered. The
three histograms in Fig. 2 representing the data along the Alex-
andria and Rashid coast show the concentration of 238U,
232Th, and 40K. Correlation between the data at different sta-
tions reveals a signiﬁcant difference between their radiometric
properties.
Rashid data values (Tables 1 and 2 and Fig. 3) are high in
radionuclides (238U, 232Th), this is because of the existence of
the black sand along the Rashid coast, this black sand is rich
with radionuclides. Also, this black sand is one of the major
sources of the radioactivity of the sediments and sea water
along the Alexandria beaches.Figure 5 Correlation between salinity and the concentrations of
40K in surface seawater.Surface seawater data
The sources of detected radionuclides in sea water are natural
sources. The turbulent resuspension increased suspended sedi-
ments and dissolved material in water. Settling of most sus-
pended sediments reduced the levels of radionuclides in
water (Eisenbud, 1987). This indicates that, the major source
of detected radionuclides in sea water is the resuspension of
sediments.
It is clear from Table 2 and Fig. 4 that the measured values
for 238U and 232Th in sea water are very low. The 238U values
vary from 1.98 · 104Bq L1 at Rashid station to
0.67 · 104 Bq L1 at EL-Manshia and Sporting stations.
The highest value at Rashid could be attributed to the exis-
tence of black sand. Also, the 232Th values are low and varies
from 0.12 · 104 Bq L1 at Chatby to 0.5 · 104 Bq L1 at
Rashid.
40K has been considered as the only radioisotope either
natural or anthropogenic detected by this direct method in
all surface seawater samples. (Fig. 4) shows the distribution
of 40K in surface seawater along the Alexandria and Rashid
coasts, during the period from September to November
2011.
The lower 40K has been detected in stations receiving low
saline water discharged from inland sources such as Rashid
branch and outlets of coastal lakes. These stations are Rashid
which receives fresh water continuously from the Nile,
Al-Max which receives low density water discharged from
El-Umum Drain, and El-Chatbi that received water
discharged from the sewage outfall. Because 40K is an alkali
metal, it behaves as a true soluble element and varies inproportion with respect to salinity. Therefore, the relation be-
tween the concentration of 40K and the salinity in the surface
seawater (Table 4) was studied (Fig. 5). Higher concentra-
tions of 40K were detected at Al-Anfoushy and El-Manshia.
These stations have surface seawater salinity around 33%.
Moreover, these stations were subjected to open sea condi-
tions and did not receive any low salinity water discharged
from the land.
Finally, the distribution of 40K in surface seawater and in
sediments has differences in their patterns due to the effect
of salinity on the behavior of 40K in surface seawater
Salinity showed a strong correlation with the concentra-
tions of 40K in surface seawater Fig. 5, (R= 0.88 and
SD= 0.0.74). This was due to the solubility of 40K in water,
which in turn is dependent on the amount of soluble sub-
stances in the original water. A mathematical model has been
deduced to estimate the range of natural 40K in the surface sea-
water. The mathematical model shows a linear relationship be-
tween salinity and 40K concentrations in surface seawater as
the following equation:
Y ¼ 0:23  Xþ 9:04
where, Y= 40K concentrations in surface sea water (Bq L1).
X= Salinity (%).
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This study demonstrates that gamma radiation measurements
are a potentially useful tool for radiological impact assessment
of different grades of sand beaches. The results demonstrate
that the main source of radiation along the Alexandria beaches
and Rashid is the black sand supplied by the River Nile during
the ﬂooding period in the last 5000 years through the Rashid
branch of the Nile. These black sands accumulate mostly on
Rashid beach. The sea waves carry part of these sands to Alex-
andria beaches west. It is clear that there is a general decreas-
ing trend of 238U and 232Th from Abu-Qir to Al Max westerly.
The distribution of 40K along the Alexandria coast revealed
that, the western area of the Al-Max coast was poor in 40K. On
the other hand, the eastern area of Alexandria was rich in 40K.
There was an obvious relationship between the presence of 40K
in sediments and the biological density of fauna and ﬂora in
the coast. The behavior of 40K in sediments along the Alexan-
dria coast has been detected as non-uniform.
Correlations between the data at different stations reveal a
signiﬁcant difference between their radiometric properties.
Data values show that the black sand at Rashid is too rich
with radio-nuclides. Also, this black sand is the major source
of radioactivity of the sediments and the sea water along the
Alexandria beaches.
The measured values for 238U and 232Th for seawater are
very low.
The lower 40K values have been detected at stations receiv-
ing low saline water discharged from inland sources. These sta-
tions are Rashid which receives fresh water continuously from
the Nile, Al-Max which receives low density water discharged
from El-Umum drain, and El-Chatby that received water dis-
charged from the sewage outfall. The salinity affects the behav-
ior of 40K in surface seawater due to the solubility of 40K in
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